Background: French Guiana is highly affected by HIV. The migrant population is particularly susceptible. The objective of this study was to evaluate the level of risk of HIV transmission and its perception among migrants in French Guiana and to identify predictive factors. Methods: An HIV/AIDS Knowledge, Attitudes, Behaviors and Practices study was conducted in 2012 among migrants living in precarious neighborhoods of French Guiana. Results: Of the 1039 participants surveyed, 893 were analyzed, of which 35.6% had risky sex during the past 12 months. Sexual risk taking was higher among the migrant population than in the general population. The predictors of sexual risk taking behavior were: younger age groups, males, having a job, not living with a spouse, having first had sex before age 16, using alcohol or drugs before sex, and having engaged in commercial sex recently. The factors associated with not being aware of one's risk were: being a woman, being from Guyana or Suriname, non-systematic use of condoms with a regular partner, and never or not recently having been tested for HIV.
Background
French Guiana, an overseas territory of France, is the French territory most affected by the HIV/AIDS epidemic. HIV prevalence has exceeded 1% in pregnant women for over 2 decades, and AIDS incidence is ten times higher than the national average (21.6 per 100,000 vs 2.1 per 100,000) [1, 2] . To make matters worse many persons are diagnosed late and are often lost to follow up before treatment can be properly administered. Although, the situation is described as a "generalized epidemic" there are still particularly vulnerable groups where the epidemic remains highly active. Even 30 years after the first cases appeared in French Guiana, the forces that drive this epidemic are incompletely understood [3] . Transmission is mostly reported to be heterosexual (86% compared to 39% in mainland France) but stigmatizing attitudes towards men who have sex with men may lead to underreporting [4] . The frequency of multiple heterosexual partnerships and/or concurrent relationships among men combined with a lack of consistent condom use seems to be a contributing factor [5] . Sex work, having tried crack cocaine and being a migrant are additional risk factors in French Guiana [3] . Over 75% of persons living with HIV in French Guiana are of foreign nationality. The exact reason for this is not clear. A first hypothesis is that migrants come from areas of high prevalence and concentrate high risk groups that thus acquire HIV outside of French Guiana; another complementary hypothesis is that migration and poverty constitute a context where sexual risks increase. In this context the objective of the present study was to evaluate the level of risk of HIV transmission among poor urban migrants in French Guiana and to identify predictive factors. A secondary objective was to evaluate risk perception and its predictors among migrants taking sexual risks in French Guiana.
Methods

Study design Setting and participants
Data collected by the Clinical Investigation Center Antilles-Guyane during a KABP study of HIV and migrants in 2012 was used. It consisted of a multicentric observational cross-sectional study carried out French Guiana. The target population was sexually active migrants in French Guiana in underprivileged neighborhoods in one of the 3 main cities -Cayenne, Kourou, and Saint Laurent du Maroni.
Inclusion criteria
Only migrants were included in this study. A migrant is considered to be a foreign person, born abroad and residing in France, including French overseas territories. This definition of immigrants is used by the High Council of Integration and INSEE for their surveys. Only migrants 18 years or older and accepting to participate in the study were interrogated. Only participants engaging in sexual intercourse within the last 12 months of the study were included in the statistical analysis.
Sampling
For this study, non-probabilistic sampling was used. Participants were chosen from neighborhoods defined as precarious, presenting at least one of the following three characteristics: no access to running water, no access to electricity, or not benefiting from municipal garbage collection. This information was obtained from the prefectoral authorities who also provided population size estimates and maps. In practice, the population in these neighborhoods mostly consists of immigrants, who usually spontaneously aggregate by country of origin. This detailed information on precarious urban areas is compiled by the municipalities and the prefectoral authorities for the purposes of urban development planning and social services development. Once these areas were identified the surveyors were sent to the neighborhoods on different days of the week and different hours of the day in order to ensure greater diversity. They were assisted by local mediators who know the population in order to facilitate the survey. The surveyors started at the center of the neighborhood anda random direction was determined with the aid of a spinner. They then walked in the randomly selected direction and knocked at one of every two housesand then, in each selected house, verified that the person was a migrant, and used the shortest straw method to select the surveyed individual. If the house was empty they came back twice. They did so until the end of the street and then came back to the center of the neighborhood where they selected another random direction and reiterated the above. The number of individuals surveyed was proportional to the neighborhood population size given by the prefectoral authorities. For selected participants, the study was a knowledge, attitudes, behavior and practices study (based on questionnaires by Family health international's behavioral surveillance surveys). Among the questions, one was about sexual activity in the past 12 months, a question which allowed us to select the subgroup of persons having had sex within the past year. 
Ethics and funding
Statistical methods
Data collection
The data were collected from an anonymous structured questionnaire of 108 questions, translated into five languages (French, English, Portuguese, Spanish and Haitian Creole) and administered in an individual interview setting. After the interview, a prevention kit was provided that included male and female condoms, lubricant gel, an information brochure on HIV and STIs in the context of French Guiana, and a gift coupon to compensate for the time spent on answering questions. The study was based on BSS questionnaires produced by Family Health International and followed their criteria. This KABP study was delivered by trained local interviewers specialized in administering surveys to vulnerable populations.
Conceptual framework
This study aimed to investigate two outcome variables: risky sexual behavior and perception of risk. Our analysis concerned migrants who were recently sexually active, meaning they were sexually active within the last twelve months. Using the 12-month reference period and the last sexual encounter were considered useful for capturing the most recent behavior and minimized recall errors [6] . After reviewing the literature, our hypothesis was that the following risky sexual behaviors were associated with increased susceptibility to HIV infection: non-systematic use of condoms with casual or commercial sex partners, having had multiple sexual partners and having engaged in concurrent partnerships. Multiple and concurrent partnerships are common in French Guiana and are a known driver of the HIV/AIDS epidemic [5] . In countries with little condom use, and high levels of multiple and concurrent sexual partners, individual sexual history is largely used to define HIV risk [7] .
Due to the context in French Guiana, the high prevalence of HIV, and the associated risk, condom use was interpreted strictly as using condoms systematically (every time) or non-systematically (almost every time, sometimes, or never). This definition took into account the usage of condoms during the last sexual encounter with a casual or commercial partner as well as the frequency of condom use with these partners. Regular partners were defined as partners with whom participants had sex for at least 6 months. Commercial partners were defined as partners with whom participants bought or sold sex in exchange for money, services, goods or drugs. Casual sex partners were defined as partners who were not "regular" or "commercial." Multiple partners meant the individual had more than one sexual partner during the last year. A concurrent relationship was defined as having had more than one partner simultaneously.
The dependent binary variable, "risk", was created, coding 1 if the individual had engaged in risky sex defined as non systematic condom use with casual or commercial partners, or had multiple sexual partners or engaged in concurrent partnerships Otherwise they were coded as 0 and placed in the "no risk" group. The independent variables were chosen as potential HIV risk factors after reviewing the available literature.
A second outcome variable was defined to further explore individual's HIV risk perception in those who were considered to have sexual risk. This was evaluated using a question asking "How would you rate your own risk of getting HIV?" The answers could be high risk, low risk, does not know or no response.
Statistical analysis
The statistical analysis was performed using Stata© 13.0 (Stata Corp LP, College Station, TX, USA).
Descriptive and comparative A descriptive analysis was first performed. Then a bivariate analysis was performed to compare potential predictive factors between groups; Qualitative variables were compared using a χ 2 test or a χ 2 test for linear trend. Variables were considered as significantly associated with risk if their p value was < 0.05.
Multivariate analysis Given that the event "risk" was frequent (> 10%), the common approximation of risk ratios by odds ratios would have led to distorted estimates. We used a modified Poisson regression instead to avoid this problem [8] and obtain prevalence ratios (PR) instead. The variables chosen for the multivariate model were those with a p value< 0.10 in the comparative analysis. A backwards stepwise model was used, simultaneously inserting all variables with a p-value < 0.10 and removing the variable with the highest p-value each time. Only variables significant at the 5% threshold were retained. Pearson's Goodness-of-fit test was applied. Variance inflation factors were used to search for colinearity between covariates (value < 4). A similar procedure was used for risk perception.
Results
There were 1039 participants of which 893 reported having had sex in the past 12 months and were retained for analysis in this study. Overall, using our composite risk definition, 35.6% of the study population had risky sex during the past 12 months ( Regarding the last sexual relation with a commercial partner, 7.1% of men (4/56) and 4.6% of women (2/43) declared they had not used a condom. Regarding the last sexual relation with a casual partner 17% of men (21/123) and 28% of women (26/96) declared they had not used a condom. Regarding the last relation with a regular partner, 31.9% of men and 23.3% of women used a condom.
In comparison, a 2011 study in the general population of French Guiana showed that 14% of men and 1.1% of women had concurrent multiple sex partnerships [9] . In the same study, 4.6% of men declared having transactional sex during the past 12 months in the general population of French Guiana. For women, the exact value was only available for Martinique, Guadeloupe and French Guiana and was 0.3% with no significant difference between territories. Regarding condom use at the last intercourse with a commercial sex partner in French Guiana, 4.5% of men in the general population did not use a condom. The aggregated data in the KABP study report [9] made further comparisons impossible. Figure 1 compares these risks between males surveyed in the KABP study in the general population [9] and our study. Table 1 also shows the details of the study population in French Guiana. Overall 65% of men (258/397) had partners of a different nationality before (126/397 (32%) regularly and 132/397 (33%) occasionally). For women, 58% (371/642) had sex partners of a different nationality before (200/642 (31%) regularly, and 171/642 (26.6%) occasionally). Table 2 shows that younger age groups, males, persons working with or without contract, persons who were not married, or were married but living with another sex partner, persons having first had sex before age 16, persons using alcohol or drugs before sex, and persons having engaged in commercial sex recently were more likely to have had risky sex. Those engaging in high risk were also more likely to be aware of being at risk. Table 3 shows that in terms of risk perception among those taking risks, the factors independently associated with not being aware of one's risk were: being a woman, being from Guyana or Suriname, non-systematic use of condoms with a regular partner, and never having been tested for HIV.
Discussion
The present study showed that over a third of migrants had been involved in risky sex (non-systematic use of condoms with casual or commercial sex partners, and/or had multiple sexual partners and/or engaged in concurrent partnerships) in the past 12 months. There was a greater proportion of persons involved in concurrent sexual partnerships among migrants than in the general population of French Guiana. Paying or receiving money for sex was more frequent for both males and females in the migrant population than in the general population of French Guiana. Over half of the migrant population declared having sex partners of another nationality, suggesting that the epidemic may progress between different communities. Increased sexual risks in migrants have been described in several studies worldwide and French Guiana is no exception [10] [11] [12] . Isolation, the ensuing decrease of community regulation of sexuality, vulnerability and poverty converge to increase the migrants' likelihood of engaging in sexual risks.
The study of the predictive factors associated with risky sex showed that younger age groups, males, having a job (but not being a business owner), not living with a spouse, having first had sex before age 16, those using alcohol or drugs before sex, and those having engaged in commercial sex recently were more likely to have had risky sex. Among those who were at risk, women, persons from Guyana or Suriname, those who did not systematically use condoms with their regular partner, and who had never, or not recently, been tested for HIV were less likely to be aware of being at risk. According to the health belief model, changing behavior requires feeling potentially at risk. Thus the persons who do not use condoms or had not done any HIV test presumably because they did not feel at risk. This suggests there is still a need for information on HIV risks. This study has several limitations. The cross-sectional design was a potential source of confounding and biases. Sampling was non-probabilistic; therefore results cannot be generalized for the entire migrant population in French Guiana. In addition, migrants were chosen from precarious neighborhoods, which could have over-represented socially vulnerable groups. Declarative data can be problematic as well because participants may not always remember or be inclined to reveal intimate behavior. In addition, there may have been cultural or gender differences in the propensity to reveal certain behaviors [5] [6] [7] . Transmission may occur with a regular partner, and our definition of risk was focused on casual and commercial partners, and may have underestimated the risk of getting infected with HIV with the regular partner. The reason why such a large proportion of persons living with HIV in French Guiana are migrants is not clear and may result from the high prevalence in the persons' countries of origin and the arrival of already infected persons in French Guiana. Recent UNAIDS data suggests the adult prevalence between 15 and 49 years in the main immigrant groups (Haiti, Suriname, Guyana) was respectively 1.7, 1.1, and 1.5% versus 1.6% in French Guiana using Spectrum and AIM, which gives some plausibility but no definitive proof to the first hypothesis [10, 13] . In Europe, between 2002 and 2014, the proportion of infections acquired in European countries in non-MSM Africans with HIV was variable and ranged between 2 and 37% [14] . Although methodological differences complicated the comparisons, the studies converged in the conclusion that there is ongoing sexual transmission after the arrival in the host country. However, although French Guiana is technically an overseas territory of Europe, the epidemic and the migration patterns are probably different from the patterns observed in Europe. Following the seroprevalence of migrant cohorts over time, which is challenging given their mobility, would yield more information on the respective importance of "imported" and locally acquired HIV infections among migrants. Methods based on CD4 count decline and date of arrival were used in French Guiana and suggested that over half of HIV-infections among migrants were acquired after arriving in French Guiana [15, 16] . These methods tend to yield a larger estimated proportion of post-migration HIV acquisition than studies based on clinic reports. These recent estimates [16] are coherent with the present observation of frequent risky sexual behavior among migrants in French Guiana.
Conclusion
The present study showed a third of the surveyed migrants living in the most precarious areas had risky sexual behavior which thus presumably contributes to driving the epidemic among migrants in French Guiana. Younger age groups, males, persons having a job, not living with a spouse, having first had sex before age 16, using alcohol or drugs before sex, and those having engaged in commercial sex recently were more likely to have had risky sex. In the French Guianese context of an epidemic that mostly involves migrants, where access to care is often problematic for the most vulnerable populations, this is information should guide prevention and testing efforts.
Additional file
Additional file 1: 
